The arid and semi arid lands (ASALs) constitute over 80% of Kenya's landmass. They have a harsh environment characterised by low rainfall and high temperature. About 20% of Kenya's population live in the ASALs and the population is continuously rising due to migration from the high potential areas, where there is high population pressure. The inhabitants of the southern ASALs comprise of pastoralists, who mainly depend on livestock, and agro-pastoralists, who practice mixed farming. The southern ASALs suffer frequent droughts which occasion crop failure, famine and poor pasture growth, leading to high livestock deaths. Due to unreliability, rainfall onset and distribution are issues of major concern to the communities in the area, where scientific weather forecasts are not well understood by the local farmers, who have their own knowledge of forecasting rainfall occurrence. However, the local knowledge has not been documented or assessed for reliability or adoption for general use. This study was undertaken to collect information on forecasting methods used by the Kamba community, who are an agro-pastoral community in the ASALs of lower south Eastern Kenya. The data was collected in a purposive survey of 36 individuals who use the knowledge to plan their farm activities. The results showed the community uses a wide array of rainfall indicators, mostly plants, insects, astronomical objects and meteorological factors, among others. The indicators are mainly used to forecast rainfall onset or the nature of seasonal rainfall. Some of the indicators, like those based on plants are easier to understand while others like those using astronomy require experience to follow. There were some inconsistencies in the information given by farmers relating to the phenological sequence of events for some indicators. Nevertheless, the general indicator value was maintained and farmers expressed great faith in them for planning farm activities. The reliance on this knowledge is a hindrance to uptake of scientific forecasts. There is therefore need for scientific validation of these indicators so that if found reliable, they could be improved for wider use and integrated in scientific forecasting.
Introduction
Most farming communities in the rural areas hardly rely on conventional weather forecasts. Even when the forecasts are available at nearby centres, farmers are known to rely on indigenous knowledge (IK) to plan their agricultural activities (Ingram, 2002) . IK forecasts may be inaccurate but the interpretation of a scientific forecast is unclear and debatable to most farmers since it is not clearly instructive. Gadgil et al (2002) observed that stakeholders need capacity of correct interpretation of relevant predictions made with sufficient lead-time to impact on decisions. Ingram et al (2002) stated that a less accurate forecast with sufficient lead-time would be more valuable than a highly accurate forecast that arrives after farmers have made irrevocable decisions. Until recent improvement in scientific forecasts (DMCN, 2002) , disasters have in the past stricken farmers without advance notice owing to the complexity of forecasting East African weather (Griffiths, 1972) and thereby caused untold suffering. This study arose out of the realisation by the principal author, through conversation with farmers, that most rural farmers did not take weather forecasts issued by the national weather service seriously. Part of the reason was that the national forecasts were considered too broad and not downscaled sufficiently to have spatial relevance.
Another reason was inability of farmers to understand the concept of a forecast as probable rather than certain outcome, which in their view rendered the forecasts inaccurate, hence unreliable for planning their activities. Traditional farmers talk in definite language; thus the probabilistic approach of scientific forecasts is alien to their way of thinking and approach in planning.
They are, for example, more comfortable with their own long term forecast that portends poor rains in a coming rainfall season that is several months away than with a scientific forecast that bears the same message but is issued shortly before the start of the rains. The objectives of this study were to: a) Document the IK indicators of rainfall used by the Kamba community b) Find out when and how the indicators are used, and c) Determine the confidence practitioners have in the indicators
Data and Methods
The study was conducted in Kibwezi Sub County, Makueni County, in the southern ASALs of Kenya (Fig. 1) . The ASALs constitute over 80% of the country's landmass and are characterised by low, unreliable and poorly distributed rainfall with high temperature. They are home to about 20% of Kenya's population, which continues to rise due to migration from the high potential areas (KNDP, 1994; KNDP, 1996) . The communities in the southern ASALs practise pastoralism and agropastoralism. Rainfall in these lands is bimodal and comes in October -December during the Short rains season and in March-May during the Long rains season. The short dry season (January-February) receives the little rains which account for 12% of the mean annual total, while the long dry season (JuneSeptember) is practically dry (Fig. 2) . The mean annual rainfall total is 600 mm and the Long rains account for 35% of the total compared with 52% for the Short rains, which are the most critical for agricultural production (Musembi, 1986a) . (Mean monthly maximum (Tmax), minimum (Tmin) and Mean (Tmean) Temperature for Makindu and mean monthly rainfall for KARI Kiboko.) Makueni County is inhabited by the agro-pastoral Kamba community who practise mixed subsistence farming. They mainly keep the East African Short Horn Zebu cattle, sheep and goats; and grow maize, the staple food crop, beans, cow peas, pigeon peas, sorghum and millet. The community suffers greatly during drought due to crop failure and consequent famine. Thus, the community has more than a passing interest in seasonal rainfall behaviour. Data was collected through administration of questionnaires to 36 households in the Sub County in a purposive survey, where those targeted were the elderly heads of homesteads or those most knowledgeable about traditional indicators. The information collected included: a) Affirmation, or lack of it, on whether IK indicators of rainfall were known to exist and whether they were commonly used b) Names of commonly used indicators c) Indicator signals of the indicators and their interpretation. d) Farmer perception of rainfall character e) Use of scientific forecasts: whether scientific forecasts were received regularly and whether they were relied on for planning farm activities f) Information on whether the failure of short rains in 1998 had been forecasted using indigenous knowledge.
Results and discussion
The average age of farmers interviewed was 43 years with 67% aged above 40 years and having an average farming experience of 20 years. Ninety four per cent of the respondents said rainfall was the greatest farming constraint and 72% said the rains were unreliable. Other constraints were lack of seed during planting, crop and animal diseases and low farm gate prices for their produce during harvest. Ninety seven per cent (97%) said the Short rains were more reliable, had more rainfall, were better distributed, lasted longer and had a higher likelihood of nurturing crops to maturity than the long rains. Sixty four per cent (64%) of the farmers could tell the type of rains they were experiencing by the time the season was halfway. This was based on the time the rains had started, its distribution, condition of crop and soil moisture status.
1 Commonly used Indicators
The majority (83%) of farmers relied on traditional rainfall indicators to plan farm activities using 25 different indicators, out of which 68% were plants.
Plant indicators
The nine most commonly used plant and non plant indicators are shown in table 1. The non plant indicators were insects and objects of astronomical or meteorological nature. Sunset over a specific point Any time after the sun sets at location SR * rains fall on the flowers causing them to rot and drop to the ground 3.1.1.1 Adansonia digitata Adansonia digitata (common name: Baobab; Muamba, in Kikamba) is the most commonly used among all indicators. It is a deciduous tree that sheds leaves at the end of the Long rains in May and remains leafless for most of the long dry season. New leaves start emerging towards the end of the long dry season and when the plant is fully covered by leaves, white flowers emerge; and the rains are supposed to be very near because they are expected to rain on the flowers and cause them to drop. If the rains delay for long, the flowers drop on their own and it becomes an alarming sign of possible bad rains on the way, with high prospects of crop failure. The rains are, however, believed to be so near that they would start before the flowers dropped on their own. After the flowers drop, fruits start forming and heavy fruiting is believed to portend likely rainfall failure. The community believes heavy fruiting compensates for expected crop failure because the edible fruits would be used as food during the ensuing famine. Except in times of prolific fruiting when the Baobab is used to forecast failure of seasonal rainfall, it is mainly used as an indicator of Short rains onset. 3.1.1.2 Acacia tortilis and Acacia mellifera Both Acacia tortilis (common name: umbrella tree, Muaa in Kikamba) and Acacia mellifera (Muthiia, Kik) are indicators of rainfall onset for the two rainy seasons. The two plant species shed leaves during the short dry season (January-February) and remain leafless towards the end of f the dry season when clusters of white flowers emerge, indicating the Long rains are one or two weeks from onset. This is the case because the rains are supposed to fall on the flowers and drop them. The growth of new foliage starts soon afterwards. This flower signal can be tricky because the flowers could appear early in the short dry season and be felled by little or grass rains that fall during the Short dry season. Other times, the flowers may not form at all and the plants start developing new leaves towards the onset of the long rains in March, which are supposed to start within one or two weeks after the plants are fully covered by new leaves. Sometimes, the two plant species flower twice, once before the little rains and again before the onset of the main long rains. Both times, the flowers are supposed to be dropped by rains. The new leaves develop and mature during the long rains but drop at the end of the rainfall season in May. New foliage starts developing again towards the end of the long dry Season, signalling the approaching start of the Short rains but no flowers are formed at this time. When the plants are fully covered with fresh new leaves, the onset of the Short rains is supposed to be one to two weeks away.
Cassia abbreviata
The yellow flowers of Cassia abbreviata (Kyelandathe, Kik) were said to appear at the peak of the dry season in September when the plant was still leafless. They later drop on their own and pods start forming. By the middle of October, the pods are about 30 cm long, which is a signal to the farmers to hasten and complete farm preparations because the rains are near. Pod size is the indicator of closeness to rainfall onset for this plant as rain water is expected to train down the length of the pod to the ground when it reaches that indicator size. There were, however, some inconsistencies in the narrative of the sequence of phenological changes leading to the signal for rainfall onset using this plant. All farmers concurred that flowering started in September but some said the Short rains came when the pods were 7 cm long while others said the rains came when the plant was still in flower. Nevertheless, pod size is the commonly used indicator for this plant.
Asparagus africana
Asparagus africana is a herbaceous plant that emerges from the ground with a pink flower at the top of a long stem at the peak of Long dry season in September. After sometime, the flower drops and the plant soon dies. Subsequently, another plant with a similar flower emerges at the same spot and the Short rains are now supposed to start in time to drop the flower and kill the plant.
Plant phenology
That plants comprised the largest number of indicators is possibly due to the high visibility of their phenological changes. One cannot fail to notice when a plant is in flower or when a deciduous plant becomes completely covered by new leaves when it happens at the peak of the dry season. Such occurrences have repeated themselves from year to year and created patterns with timelines towards rainfall onset. This underlies the appeal for use of IK knowledge in forecasting in that it is based on sound, tangible and visible indicators which are easier to trust and track (Ambani and Percy, 2012) compared with scientific weather parameters. The practitioners of this knowledge have a high sense of keenness. It requires great keenness to establish, for example, how long it takes for the rains to come after the flowers have appeared or to observe that rains always come to drop flowers of a specific plant species (Table 1) . This keenness is most evident when an illiterate farmer identifies a cluster of seven stars in the sky and carefully follows its movement to a specific position at the horizon which is related to the time the rains are expected to start. The plants in Table 1 occupy the six top positions in decreasing frequency of use among all the indicators mentioned. This implies they have demonstrated a higher degree of reliability, but it does not imply the remaining 19 indicators can be ignored. A farmer does not rely on a single indicator. Each has a set whose indicator signals either occur about the same time or follow each other in a relay. For example, Asparagus africana is likely to flower before or about the time when Acacia tortilis is in flower. If the latter is the case, the two indicators are seen to corroborate each other and thereby reinforce expectations of rainfall onset. Speranza et al (2010) found that farmers believed in the efficacy of IK indicators of rainfall and relied on them but were also found to consult additional sources of information. There were minor inconsistencies in the details of a few indicators. A case in point is Cassia abbreviata regarding the disputed size of fruits (pods) before rainfall onset and the uncertainty on whether the rains came before the pods were formed or afterwards. The pods of this plant vary in size from 30 cm to about 60 cm and for farmers who never measure sizes physically, discrepancies in pod size before rainfall onset could be understood.
Moreover, in an environment with highly variable rainfall, it is possible all the points of view are correct. What was significant is that not all the plants of a given species are used as indicators; there are specific plants within each species and locality that reliable. However, the accuracy of these indicators has not been verified through scientific observations. Differences in flowering patterns probably arise due to age of plant, soil type and location of plant with respect to special environments such as riverine areas, wetlands and road edges. White (1995) developed a relationship to predict the flowering of 130 plant species at 8 locations in central North America using temperature and day length. Plants flowering in late June flowered at the same time in all locations regardless of latitude. However, those with earlier or later flowering dates than late June flowered at different times in various locations. This seemed to be in accordance with Hopkins' (1938) Law on the occurrence of periodical life activities. Friedel et al (1994) however, found soil moisture to be the best predictor of flowering of three arid zone Acacia species of central Australia. He noted a persistence of temperate-zone, short-lived species to flower in spring. Species from other areas as well as long-lived species were more opportunistic in their flowering. He also found that soil, site differences and day length (time of year) were better predictors of fruiting.
Fruiting was observed to commonly occur in the second half of the year and peak in October, regardless of whether the flowering was opportunistic or seasonal. Otieno et al (2001) observed the response of Acacia tortilis and Acacia xanthophloea seedlings to moisture stress and found that, unlike A. xanthoploea, stressed A. tortilis seedlings reallocated carbon to the roots as a dehydration mechanism for drought survival. 3.1.3 Other Indicators 3.1.3.1 Anisoptera Anisoptera (Dragon flies, common name; malwe/Minzai, Kik) is an insect that was said to appear in September and to increase in numbers with approaching start of the Short rains. The number of flies reflected the amount of rainfall expected in the season. If they are many, the rains are expected to be abundant and vice versa. As the rains get closer, the insects fly in undulating up and down motion, resembling a planting action, and the closer they get to the ground in their downward swing, the nearer the rains are to onset. The planting action is supposed to be a warning to farmers to start planting or be caught by the rains before they finished planting.
Cluster of seven stars
There is a cluster of seven stars monitored by some farmers. The cluster is always in the sky and was said to appear with increasing lateness like the moon. Around October, it is seen high up in the sky at 9 pm and its position continues to change with time. By early November, it is located at the sunrise horizon position when observed at 7 pm. When the cluster reaches this position, the Short rains are expected to start within a week.
Changing cloud patterns
There are farmers who monitor the changing cloud patterns as the rains approach and are able to discern when the cloud type and pattern in the sky portends actual rather than the false start of the rains. General cloudiness is observed to increase, thicken and change colour from bluegrey to dark-grey as the rains draw near. When clouds are observed to form from the North-east to South-east horizon early in the morning, they signal approaching start of rains for the two rainy seasons.
Position of setting sun
Some farmers keenly watch the changing position of the setting sun relative to a specific reference point on the nearby Chyullu hills. As the setting position approaches the reference point, rainfall onset is also said to get nearer. When it finally sets over the reference position, rains are supposed to start at any time without much delay.
Most farmers (75%) said all indicators were absolutely reliable (>99%) in foretelling rainfall onset.
Rainfall pattern
The understanding of rainfall pattern by farmers is a result of long practical experience and was found to be consistent with findings of scientific analysis regarding seasonality and distribution. They pegged crop and pasture production on the more reliable Short rains and were able to take advantage of residual soil moisture at the end of the season and the little rains that usually came during the Short dry season (Musembi, 1986b) by planting biennial crops like pigeon peas (Cajanus cajan), cassava (Manihot spp), and sweet potatoes (Ipomoea batatas). It is instructive that most (64%) farmers said they could reliably tell the nature of growing season at hand when it was halfway, after observing the rainfall behaviour. This was always the case except when clear signs of rainfall failure like the prolific fruiting of Adansonia digitata were present. The high number (85%) of farmers who relied on indigenous knowledge for planning agricultural activities and the high number (75%) that said the indicators were absolutely (>99%) reliable confirmed their faithful use, but the indicator reliability is in relation to forecasting rainfall onset only. This explains why only a small number of farmers (19%) had forecast the Short rains of 1998 to fail before onset and why only a small number (29%) based their expectations on indigenous knowledge.
The rest of the respondents could not state the basis of their expectation.
Traditional Forecasters
About 39% of the respondents knew seers or inspired forecasters. However, most farmers were not keen to use forecasts from seers because they associated them with traditional worship. The seers who were interviewed were reluctant to disclose the process they used for their forecasts Ninety four per cent (94%) of farmers listened to radio weather forecasts and 61% found them useful for planning agricultural operations. Traditional forecasters (seers) were unwilling to divulge the secrets of their gift. They contended that before they made forecasts, they got revelations in dreams and visions from ancestors. It is appreciated that being an acknowledged seer confers status in the community and there is fear of losing this status by revealing the secrets to strangers who could eventually demystify them, leading to loss of social esteem. The seers interviewed were traditional believers and it is possible they were barred by tradition from revealing matters associated with their worship to outsiders. It is noteworthy that some farmers were reluctant to use forecasts from seers (on religious grounds) due to the perceived association with traditional beliefs.
3.4
IK Forecast utility One may wonder whether farmers actually took deliberate actions in their planning calendar as ordained by the wide array of indicators. This appeared to be the case because most farmers said they knew time was running out for land preparations when indicator plants became lush with new foliage or burst in flower, which made them hasten their farm activities. The same applied to signals from non-plant indicators. Although 61% of respondents found radio forecasts useful for planning, none could illustrate how the forecasts helped in the planning process.
Scientific forecasts
Scientific forecasts were said to be too broad, not well downscaled and usually couched in scientific or statistical language (below or above normal/average) whose interpretation was not obvious to the farmer, especially when the options attendant to the forecast were not clearly stated. However, farmers who have been able to use them correctly have demonstrated benefits in production (Suarez and Patt, 2004; Helmuth et al, 2007; Ewbank, 2012) . Ingram (2002) worked with farmers in Burkina Faso and suggested that seasonal forecasts of precipitation should be part of an extension package that includes the discussion of the probabilistic nature of the forecasts, potential response strategies and attendant risk management. Omondi (2011) explored farmers' perceptions of climate variation and change in semi-arid Kenya and concluded that understanding indigenous knowledge is critical to developing climate change adaptation strategies with small farmers. 4.0 Conclusion The Kamba community in Kibwezi Sub-County has a wide array of indicators for forecasting rainfall onset. The majority of indicators are plants of different species, out of which six were the most commonly used, namely, Adansonia digitata, Acacia tortilis, Asparagus Africana, Acacia mellifera, Cassia abbreviate and the Commiphora spp. Each farmer relied on more than one indicator to monitor the start of rains and it appeared the indicators were used in combination rather than in isolation. Whereas plant indicator signals are highly visible, discerning the forecast from some other types of indicators (e.g. the cluster of 7 stars) requires dedicated keenness. According to farmers, the reliability of indigenous indicators in forecasting rainfall onset was absolute. However, there were some inconsistencies in the sequence of events for some indicator signals. Thus, there is need for studies to verify the indicators scientifically so that the significance of the signals can be authenticated and if found reliable, to enable guidance of farmers on their use and augment scientific forecasts. 5.0
